Introduction
High-speed high-capacity optical fiber communication systems depend critically on the availability of complex high performance filters for selection of closely packed wavelength-division-multiplexed channels or efficient compensation of link dispersion. The technology of W-written fiber gratings has reached now the necessary maturity to implement these high performance filters. There are a number of methods and different approaches in designing high quality grating devices.
Among them, electromagnetic inverse scattering (IS) techniques [ 11 are known to offer a great variety of possibilities for the design of gratings with various degrees of accuracy. In this paper we review the different methods available for the synthesis of fiber gratings focusing, in particular, in a very efficient method based on a differential layer-peeling algorithm.
Fourier based methods
The simplest approach exploits the approximate Fourier transform (FT') relation that exists between the filter spectral response and the grating coupling function. This method, called also first-order Born approximation, takes only into account the first reflection from the medium and is applicable to the design of low reflectivity gratings. Several modifications of the method have improved its performance and extended its applicability to relatively high reflectivities [2,3], enabling the design of practical fiber grating filters [4]. However, this synthesis approach is approximate in nature and, consequently, not reliable for the design of very complex and strong filters.
Integral methods
A second group of IS methods can provide exact solutions to the scattering problem, expressed in terms of integra1 equations. This type of solutions were first developed in the context of the inversion of the unidimensional Schrodinger equation, and then applied to the problem of two-component scattering. The main drawback of integral methods is the difficulty involved in solving the integral equations. Kay has found analytical IS solutions when the spectral response function is written in terms of rational functions [I 11. Song and Shin [12] and subsequently Roman [13] employed this approach to design practical corrugated filters. However, the need to approximate the desired spectral response by rational functions is cumbersome and can result in compromised performance.
To overcome this limitation. an iterative solution of the Gelfand-Levitan-Marchenko (GLM) system was proposed to synthesise arbitrary spectral responses [ 14,151. Several fiber grating devices, designed with this method. have already been fabricated proving the usefulness of the method [16] .
However. the iterative solution of the GLM equations [ 171 has two weaknesses. Firstly, the solution is approximate due to the finite number of iterations involved, which means that only a limited number of l h g function of three ideal fillcrs. Figure 2 : Rwuoastructed prcifilr nf a unifclrtn grating.
